Abstract. The current study presents the case of a 66-year-old male presenting with fever and chest pain. Chest enhanced computed tomography scanning revealed a mass shadow in the right upper lobe with chest wall invasion. 18-Fluorodeoxyglucose-positron emission tomography (FDG-PET) identified the localized uptake of the mass lesion in the right upper lobe, in addition to diffuse uptake by the bone marrow. The laboratory data on admission revealed marked leukocytosis and an elevated C-reactive protein level (CRP). Serum concentrations of granulocyte colony-stimulating factor (G-CSF) and interleukin 6 were increased. Based on a clinical diagnosis of non-small cell lung cancer (c-T3N0M0 stage IIB), the patient underwent right upper lobectomy with chest wall resection. The histological examination showed a pulmonary pleomorphic carcinoma. Immunohistochemical analysis of the resected tumor tissues revealed positive staining for G-CSF. The patient's high-grade fever, leukocytosis, and elevated CRP level rapidly subsided following the resection. This confirmed that the tumor was a G-CSF-producing pulmonary pleomorphic carcinoma. Five months after the resection, the diffuse FDG uptake in the bone marrow was absent, even with the presence of a small pulmonary metastasis and marginal serum G-CSF elevation. Diffuse FDG uptake in bone marrow induced by G-CSF producing pleomorphic carcinoma must be taken into consideration, in order for it not to be misinterpreted as diffuse bone marrow metastases or hematologic malignancy.
Introduction
There have been several previous studies reporting that various cytokines, including granulocyte colony-stimulating factor (G-CSF) and interleukin 6 (IL-6), are produced by lung carcinomas, particularly pleomorphic carcinomas previously diagnosed as large cell carcinomas (1-7). G-CSF production by cancer cells has been associated with the rapid progression of the disease and with the poor prognosis.
Pleomorphic carcinoma of lung was first classified in 1999 by the World Health Organization as a subset of sarcomatoid carcinoma. This type of tumor is rare, accounting for 2-3% of all cancer cases in a previous surgical series, but for <1% in epidemiological studies (8) . Pleomorphic carcinoma is a poorly-differentiated non-small cell lung carcinoma, which may consist of a squamous cell carcinoma, adenocarcinoma or undifferentiated non-small cell carcinoma that contains ≥10% spindle and/or giant cells or a carcinoma consisting only of spindle and giant cells. Pleomorphic carcinoma of the lung has been reported to have aggressive clinical course with a poor response to chemotherapy and radiotherapy (8) . The prognosis is significantly poorer than that of most other subsets of non-small cell lung cancer, even in early-stage disease.
G-CSF causes hyper metabolic uptake of bone marrow in positron emission tomography (PET) using F-18-fluorodeoxyglucose (FDG) (9, 10) . The current case encountered diffuse FDG uptake in the bone marrow by G-CSF-producing pleomorphic carcinoma prior to the tumor resection, and this uptake was considered to have occurred due to the amount of G-CSF present.
Case report
A 66-year-old male presenting with high-grade fever and chest pain was admitted to Toho University Omori medical center (Tokyo, Japan) in November, 2013. Chest computed tomography (CT) revealed a 6-cm mass in the right upper lobe (Fig. 1A) marked peripheral leukocytosis (2.27x10 9 /l) and an elevated C-reactive protein [CRP, 13.3 mg/dl, normal range (NR), <0.25 mg/dl]. Serum concentrations of G-CSF and IL-6 were 203 pg/ml (NR <39 pg/ml) and 44.8 pg/ml (NR <4.4 pg/ml), respectively. 18 Fluorodeoxyglucose-positron emission tomography (FDG-PET) revealed the localized uptake of the mass lesion in the right upper lobe (Fig. 1B) , and diffuse uptake in the bone marrow (Fig. 2) . Hematological disease, including lymphoma and diffuse bone marrow metastases, was excluded.
The tumor cell was not identified by a bone-marrow aspiration. The biopsy samples revealed hyperplasia of the normal bone marrow, mainly granulocytes.
Histological examination of the transbronchial biopsy specimens for the right lung tumor revealed a non-small cell lung cancer (NSCLC). Based on a clinical diagnosis of NSCLC (c-T3N0M0 stage IIB), the patient underwent right upper lobectomy with chest wall resection, and a 6.8x6.0 cm tumor was completely resected. Histological examination using hematoxylin and eosin staining revealed that the tumor was composed primarily of giant cells and spindle cell surrounded by inflammatory cells (Fig. 3A) . The patient was diagnosed with a pulmonary pleomorphic carcinoma, pT3N0M0, stage IIB. Immunohistochemical analysis of the resected tumor tissues revealed positive staining for G-CSF (cat. no. ab9691; dilution, 1:100; Abcam, Cambridge, UK) (Fig. 3B) . Tissue underwent heat-mediated antigen retrieval in sodium citrate buffer (pH 6.0). The primary antibody was used at 0.25 µg/ml and incubated with the sample at 4˚C overnight. A horseradish peroxidase-labeled polymer detection system was used with a 3,3'-diaminobenzidine chromogen (I-VIEW DAB universal kit, Roche Tissue Diagnostics, Tokyo, Japan), according to the manufacturer's protocol. The patient's high-grade fever, leukocytosis and the elevated CRP level rapidly subsided following the resection. Therefore, it was confirmed that the tumor was a G-CSF-producing pulmonary pleomorphic carcinoma.
Following the surgical treatment, the patient received two courses of adjuvant chemotherapy with cisplatin plus S-1. However, 5 months after the resection, CT revealed a metastatic pulmonary nodule in the left lower lobe. FDG-PET identified abnormal FDG uptake in the nodule without diffuse uptake in the bone marrow (Fig. 2) . The serum concentration of G-CSF showed marginal elevation as 45.3 (NR <39 pg/ml). At the time of this report, 12 months after the resection, the patient had undergone chemotherapy and was alive with lung and brain metastases.
Written informed consent for the publication of this case report and associated images was obtained from the patient.
Discussion
Pleomorphic carcinoma of the lung is defined as a group of poorly-differentiated NSCLCs that contains a component of sarcoma or sarcoma-like elements and exhibits carcinomatous as well as spindle and/or giant cell components (11) . Pleomorphic carcinoma of the lung is rare and accounts for <1% of all lung malignancies (12) . Several previous studies have reported that various cytokines, such as G-CSF and IL-6, were produced by lung carcinomas, particularly pleomorphic carcinomas previously diagnosed as large cell carcinomas (13) . In the previous cases, the elevated IL-6 levels may have contributed to high-grade fever and increased CRP levels (14) , and the increased serum G-CSF levels may have contributed to leukocytosis and hematopoietic activation (15) . The diagnostic criteria for CSF-producing tumors are as follows: i) Extreme leukocytosis, ii) elevated CSF activity, iii) decreased WBC count after resection and iv) proof of CSF production in the tumor (16) . In the present case, all these criteria were fulfilled.
In FDG-PET, hypermetabolic activity of FDG following administration of G-CSF corresponds to hyperactive bone marrow, and lasts ~1 month (9, 10) . This increased FDG uptake in normal bone marrow following G-CSF administration may be explained by increased bone marrow metabolism and cellularity due to G-CSF treatment. In the present case, the PET findings were due to bone marrow hyperplasia induced by G-CSF produced by pulmonary pleomorphic carcinoma, and the high uptake in the bone was absent in the FDG-PET scan 5 months after the tumor resection, even in the presence of small pulmonary metastasis and marginal serum G-CSF elevation. These characteristic imaging findings are due to the quantity of G-CSF, and are predicted to be useful for the diagnosis of G-CSF-producing tumors.
In conclusion, the current study reported a case of diffuse FDG uptake in the bone marrow of a patient with granulocyte colony-stimulating factor-producing pleomorphic carcinoma of the lung. Diffuse FDG uptake in bone marrow induced by G-CSF producing pleomorphic carcinoma must be taken into consideration, in order for it not to be misinterpreted as diffuse bone marrow metastases or hematologic malignancy.
